With the advent of X-ray computerised transmission tomography (CT) scanning traumatic intracerebral haematomas are recognised more often in life. The clinical course in these patients is variable; some deteriorate, others do not. Not infrequently, this deterioration may be delayed, sometimes by days.'2 The reasons for the delay are unclear: there may be an increase in size of the haematoma due to further bleeding, or alternatively brain swelling and oedema in the surrounding brain may develop and cause brain shift, with secondary ischaemia. This deterioration may occur rapidly in a previously stable patient, and at a rate greater than that at which the clinical services can respond.
One solution is to subject all such patients to immediate surgery. This, however, has its drawbacks.,mainly because a large number of the operations would be unnecessary. It also places a large strain on resources, and may result in needless surgical complications. What is required is a method that is capable of differentiating between those patients who will deteriorate and those who will not, on admission. Such a method would be useful in guiding a clinician faced with the choices of controlled ventilation, osmotic diuretics or even pre-emptive surgery.
While CT scanning has provided the ability to visualise these haematomas, to define their anatomical limits and to generate information about their volume,3 it does not provide functional information on the rest of the hemisphere containing the haematoma. Although patients with large haematomas are more likely to need surgery, this is not an infallible guide. Similarly, the measurement of intracranial pressure is not wholly reliable, as some patients may tolerate high pressures well, and in others deterioration may only be briefly preceded by an acute pressure rise. 4 Single photon emission computerised tomography (SPECT) studies using Techntium-99m-Hexamethyl propylene amine oxime (9"Tcm-HMPAO) have been available for four years.5 Some controversy surrounds the precise mechanism of its uptake and subsequent retention by brain tissue, and there is evidence that it underestimates blood flow at high flow rates.6 There is, however, good evidence that the eventual distribution of this radionuclide is determined by regional perfusion,7 and that in pathological states, such as after acute stroke, areas of decreased retention may reflect defects in the local microcirculation.' In acute head injury its uptake may be decreased in regions corresponding to the haematoma, its penumbra, and also in regions that appear normal, or minimally oedematous on the CT scan.9
As part of a wider study into the outcome in patients with traumatic intracranial haematomas, we investigated the relationship between the clinical course and the 99TCm-HMPAO/SPECT scan appearances in eight patients, to see if these studies contained information complementary to that available on the CT scan.
Materials and methods
Eight patients were studied, and their details 99Tc"'-HMPAO SPECT studies in Traumatic intracerebral haematoma SPECT image analysis The SPECT image analysis fell into two parts. In the first, the volume of the perfusion defect associated with the haematoma was calculated. On each slice, the counts per pixel were measured? and a mask was created around all areas where the count rate was 50% or less than the maximum on that slice. This 50% contour corresponded to the outline of the haematoma as seen on the CT scan. The calculation then proceeded as follows: The slices in which the perfusion defect was visible were numbered 1, 2, 3, 4 ... n. The area of the perfusion defect on the nth slice was Dn. The total area of the ni" slice was An.
The percentage (P.) of the slice occupied by the perfusion defect was Dx/An x 100.
Then, assuming that each contiguous slice was of unit thickness, summing the areas yielded a measure of the volume of the perfusion defect viz: Volume Index = P, + P2 + P3 ± ..... Pn- In the second part, a region of interest was drawn around the remainder of the ipsilateral hemisphere, that is that part which did not contain the haematoma. This region was then compared to its contralateral counterpart, and a perfusion ratio was calculated using the following expression:
PERFUSION RATIO = Counts/pixel unaffected side x 100 Counts/pixel affected side
This yielded a measure of the asymmetry between the hemispheres, where low retention of the radionuclide on the affected side appeared as a value greater than 100.
These two items of information were then combined by multiplying the Volume Index by the perfusion ratio. Index of Severity = Volume Index x perfusion ratio The result was termed the Index of Severity of the haematoma. Here, a large haematoma associated with poor perfusion in the rest of the ipsilateral hemisphere had a high score, while a small haematoma with little perfusion asymmetry had a low score.
Statistical analysis
The mean (SD) was calculated for all the groups of results, and the data were analysed using the unpaired Student's t test. 
Results
The patients were divided into two groups, those who required surgery and those who did not. In the CT scans, the haematoma volume, presence of midline shift and contralateral ventricular dilatation did not differ significantly between the two groups ( Table 2) . In all patients, the location of the perfusion defects seen on the SPECT studies corresponded well with the CT scan appearances. Large haematomas appeared as large perfusion defects. There was a statistically significant difference between the two groups of patients (table 2). The mean (SD) size of defect in patients who deteriorated was 71A4 (11-7), ' 3 In some patients, these insults are tolerated, the oedema subsides, the haematoma is accommodated by shifts of brain and cerebrospinal Second, in some patients the remainder of the hemisphere, which looked intact on the CT scan, also had poor retention of99Tcm-HMPAO when compared with the opposite, presumably intact hemisphere. This is shown clearly in the SPECT study of patient 1 (figs 5, 6) . What is interesting is that during this particular SPECT study, the patient was alert and orientated, and there was no clinical evidence of any dysfunction in that hemisphere. Yet three days later this patient deteriorated quite abruptly, was found to have marked swelling around his haematoma, and required an emergency craniotomy.
This pattern was repeated consistently in the other seven patients. Simple visual evaluation of the SPECT images revealed that the perfusion defects were larger in patients who later deteriorated. In addition, there appeared to be poor uptake in the ipsilateral hemisphere. This raised the next question: could these differences be in some way quantifiable?
We therefore created our own form of image analysis. First, we defined the perfusion defect attributable to the haematoma and its penumbra as the area within which the retention of 99Tcm-HMPAO was 50% of the maximum in either hemisphere. In summary, eight patients with traumatic intracerebral haematomas were studied with 99Tcm-HMPAO/SPECT on admission to our neurosurgical unit. In the patients who later deteriorated, the SPECT studies showed significantly larger perfusion defects; there also appeared to be diffuse low retention of ssTcm-HMPAO in the ipsilateral hemisphere. Although the study numbers were small, the results were statistically significant. We propose that SPECT studies with ssTcm-HMPAO may have a possible predictive value in patients with traumatic intra-cerebral haematomas. Further investigation of this is justified.
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